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Abstract—By the age of five years, a child ought to have
mastered the corresponding expertise of bilateral integration,
utilizing both sides of the body simultaneously, called “crossing
the midline”. This means that when a child who has difficulty
crossing the midline is confronted with actions that require the
midline to be crossed, the child is unable to perform the action in
the correct manner. When the midline is crossed spontaneously,
paths in the brain are developed. This skill is essential for the
advancement of various motor and cognitive skills. Children who
have trouble crossing the body’s midline, frequently experience
difficulties with mundane, day to day activities. Understanding
the challenges children who suffer from crossing the midline
face, this paper focuses on the creation of an interactive game
and particularly the development of an input device that could be
used by children. It is postulated that the playing of an interactive
game forms the required pathways to conduct movements that
once did not seem comfortable or possible for the child. During
development of the interactive game the guidance of occupational
therapists was sought. What is unique about this project is the
successful design of an affordable device, that can accurately
simulate and guide the movement of the child in the process
of treating their difficulty of crossing the midline. The project
further provides scope for other gross and fine motor difficulties
children have to be treated.
Index Terms—Virtual environments, virtual rehabilitation,
game design and development, serious games
I. INTRODUCTION AND PROBLEM STATEMENT
The developments in science and technology allows
occupational therapists to use new methods incorporating
technical advancement when treating children with fine
and gross motor difficulties. Innovative tools enabling
children to overcome their challenges are increasingly
becoming a possibility. At the forefront of this application
of technological advancements in occupational therapy is
virtual rehabilitation. Virtual rehabilitation is characterised
by a blend of virtual reality (VR) and virtual environments
(VE) within rehabilitation [1]. Virtual reality is best described
as, “an illusion of reality created by a computer system”
[2]. The rehabilitation process exploits brain plasticity,
the ability to regain function by creating neural pathways
generated in response to multiple repetitions and retraining [3].
The world we live in is experienced through the senses.
The five senses, taste, smell, sight, hearing and touch, are
a common concept taught in school. In addition to the five
senses, there are other sensory inputs, for example, the
sense of balance which is also referred to as the vestibular
system [4]. The extraordinary process of transmitting sensory
information in the brain generates the ability of various
senses of control. All that surrounds a person is perceived
from the input of our senses. Simply put, ones existence is
formed by an amalgamation of information from the senses
and the brain establishing a sense-making mechanism to
process what is being experienced. The point that is most
fascinating is, that if ones senses can be represented by
information that is fabricated then ones perception of what
they are experiencing and response to that particular situation
would also be influenced. People have embodied cognition
and people observe the world through their bodies. People
have the uncanny ability to “represent” information which
they experience through their senses in a way that makes
sense to them [5]. Thus if the information experienced by
a person is simulated, then one can experience a simulation
similar to the way one would reality. This statement should
not be taken too literally but merely understood as implying
that parts of reality can be simulated through virtual reality.
A more technical meaning for virtual reality is the,
“conception and control of dynamic 3-dimensional,
ecologically valid stimulus environments within which
behavioural responding can be recorded and measured” [6].
Virtual reality offers clinical assessment and rehabilitation
options that are not available with traditional methods [6].
This medium of virtual rehabilitation has the potential to
create settings in which real life feelings are generated.
At the same time this allows an individual to remove
themselves from the distractions surrounding themselves
and completely apply their minds and focus on the given
task in the simulated environment. The attention towards
incorporating virtual rehabilitation in occupational therapy
has grown as it stimulates motivation in the individual [7].
The individuals that are being treated while using virtual
rehabilitation are inclined to have fun therefore inducing the
feeling of motivation to improve their condition. Anyone
who has spent time recovering from an injury or correcting
a motion is aware that the therapy process is uneasy and in
some cases slow. Exercises that need to be done are repetitive
and boring for the patients. Lastly, therapists often observe
hurdles regarding the recovery of the patient after they are
discharged as it is difficult to monitor them. Through the
incorporation of virtual rehabilitation clients can make use of
the therapy program in the comfort of their own homes [8].
With the fact that virtual rehabilitation is less boring
and more stimulating than tradional rehabilitation, prospects
for recovering through play is established and is deemed
to be enjoyable specifically for young children [9]. The
environment and manner in which the child is to be treated
is believed to enhance the child’s motivation and attitude
towards recovery. Furthermore, the childs eagerness to play
resulting in learning new movements is sustained for longer
time periods. Most importantly the childs control over the
movement being conducted is more disciplined as their
concentration lasts longer [9]. These aspects mentioned are
vital for improved rehabilitation outcomes specifically for
enabling the brains capability to develop new pathways and
for the childs self-discipline and self-confidence. Occupational
therapists are scarce in rural areas as well as many children
are not afforded the opportunity of being treated by a therapist
due to financial constraints. The development of this low cost
interactive game will be able to provide treatment for these
children.
There is a term, neuroplasticity which refers to the ability
of the brain to structurally and functionally adapt, which is
enhanced by training and experience. It is further known
that neuroplasticity is at its maximum in a critical period
which corresponds to the first seven years of a childs life
[7]. Therefore, with the development of an interactive game
(achieved through virtual reality) and with the neuroplasticity
of the child’s brain at this age, the child may be able
to develop the required pathways to conduct movements
that once seemed impossible. With the integration of the
revolution in technology and the innovation and creativity of
this approach, in which occupational therapists treat children,
a beneficial method of mitigating impositions such as Midline
Crossing could be developed.
Crossing the midline infers that a body part (eg. hand or
foot) can spontaneously move over to the opposite side of the
body to perform an action. To clarify, a child who has difficulty
crossing the midline can physically perform actions that cross
the centre of the body however they do not intuitively cross
the midline when challenged with a task that requires this
movement as they see this imaginary line that stops them.
This means that when a child who has difficulty crossing
the midline is confronted with actions such as scratching an
elbow, crossing legs, reading and writing from left to right,
the child is unable to perform the action in the correct manner.
In order to support children that have trouble developing
the mandatory ability of crossing the midline an interactive
serious game was created. The game provides movements
that have been extensively researched to improve midline
crossing. While playing the game movements performed will
expectantly formulate the required paths in the childs brain
to enable them to not only spontaneously perform an action
when crossing the midline but understand and realise that the
midline can be crossed at any given moment.
II. BACKGROUND
A. Conventional methods of treating children with difficulty
crossing the midline
Today, occupational therapists will treat children who have
difficulty crossing the midline using conventional methods.
Arts and crafts are often used in which beads are threaded,
cutting, pasting and folding paper are all actions that are
performed and require the midline to be crossed. Finger
puppets or stickers are also used by placing or sticking
the puppets or stickers on one of the child’s hand and then
encouraging the child to remove the puppet or sticker with the
opposite hand. Building blocks, playing twister and marching
games using their arms and legs are also more common
methods used by therapists.
Specific examples of complications that could be
experienced by children that have untreated difficulties
in crossing the midline are problems in reading and writing.
The child will then avoid activities where a pencil is used as
the child is unable to hold or write with the pencil properly.
Another example is that of reading, when one reads, their
eyes move left to right and therefore the midline is crossed.
Children who have difficulty crossing the midline will then
struggle when reading. These are just two examples but there
are many more. Frustration in the behaviour of the child will
be noticeable as the child will become angry when trying
to engage in fine motor activities due to less refined hand
skills. The coordination of both sides of the body will be less
refined, leading to difficulties experienced when playing sport
or doing any physical activity. Additionally, when reading,
the child will encounter distress when their eyes are trying to
cross from left to right.
On a more positive note, if a child struggles to cross the
body’s midline and is treated, milestones such as developing
a dominant hand will occur. Pencil skills and fine motor
tasks will be refined, easing the transition into an academic
environment where those skills are expected to be grasped.
The child will be able to complete self care tasks for example
brushing their teeth and getting dressed. The child will be able
to kick and hit balls as well as run because their gross and fine
motor skills will be improved. Lastly, their ability to visually
track across a page effectively will be better and therefore
result in fluent reading.
B. Alternative method of treatment
A unique method of treatment is using virtual rehabilitation.
Simply put virtual rehabilitation provides an interactive
environment for the patient, in this case the child, in which
the child interacts with the enviroment also known as a virtual
environment(VE). The rehabilitation process exploits a term
that has been mentioned before and that is neuroplasticity,
the skill to regain function by developing neural pathways
generated in response to multiple repetitions and retraining
[10]. One major obstacle when treating children in the
conventional sense is that of boredom, because of the
intensive practice required [9]. The advantages of creating
this VE with an interactive component is that it combats the
boredom factor by placing the child into an environment that
is similar to the real world in terms of the perceptual stimuli it
exhibits which then puts the child at ease [10]. An imperative
aspect of VE is the child’s ability to manipulate and control
some of the stimuli and see in real time the outcome of the
effect of the actions and adjust them accordingly. This aspect,
being the interactive component creates an engagement
with the environment allowing the child to feel and be in
control of their movement. This idea is explained as the
perceptual illusion of nonmediation [11]. The sensations that
are familiar and that are present in VE and the ability for
the child to control and manipulate the stimuli that surrounds
them, generates the psychological effects of enjoyment and
particularly involvement [11]. The mere fact that the child
is able to observe their own manipulation in the actions
performed in real time, grants VE a superb tool for training
and treatment purposes. The unique merging of purpose and
pleasure develops intrinsic motivation in the child[12].
The most commonly used input systems used for VE
treatment are based on commercially available controllers
that have been re-purposed for the treatment context. The
three that are most commonly used are the Nintendos’s Wii
Fit, Microsoft’s Kinect and Sony’s Eye Toy. The Nintendos’s
Wii Fit and Microsoft’s Kinect shall be discussed. The
Wii Fit combines both fitness and fun in a product that is
available for purchase. The Wii Fit was created to encourage
people to exercise as well as improve balance. A study was
conducted by the University of Naples titled, “Comparison
between clinical and instrumental assessing using Wii Fit
System on balance control,” and it was found that the Wii
showed better improvements regarding the physical therapy
in terms of the balance and self confidence [13]. Further
conclusions were made that the Wii is acceptable as an
adjunct to virtual rehabilitation intervention and provide an
exciting new therapy device [13]. Despite the positive results
that were found it was also determined that the Wii Fit
system is unable to replace conventional asssesments because
it does not provide suffcient information about whether the
person has balance problems it just indicates to the therapist
either that the person can or cannot balance [13]. In addition,
as mentioned before, the main purpose of the Wii Fit is to
promote exercise and improve balance however it does not
provide a platform in which more specific impositions such
as difficulty crossing the midline can be treated or trained.
Furthermore, if one wanted to use the Wii Fit for treatment
or training purposes one would need to purchase not only the
balance board but the console and remote too, resulting in an
expensive endeavour.
Microsoft has developed a sensor called the Kinect.
The Kinect looks like a webcam that is connected to the
Xbox console or a computer. Microsoft’s initial intention for
developing this sensor was for an enhanced gaming experience
for users in video games. The scientific community have
become quite attracted and very attentive to this device,
particularly those in the biomedical engineering field. The
Kinect provides real time identification of the spatial locations
of the human body and therefore is suitable to study the
human body in terms of numerous criterion addressing various
aspects of human gestures and movement [14]. The Wroclaw
University of Science and Technology in Poland conducted a
study on the Microsoft Kinect as a Tool to Support Training
in Professional Sports [14]. They have presented an orignal
training system that utilizes the Microsoft Kinect with the
purpose to strengthen and enhance the quality of training
in professional sports [14]. Even though this is a unique
and innovative approach there were limitations that were
encountered for example body parts that are in optical shade
could not be sensed correctly by the Kinect [14]. Despite
the kinect providing a beneficcal approach for therapists to
treat children, it has been researched that when children are
holding something they feel more in control and thus more
involved [15].
An alternative approach to the treatment of hand function
rehabilitation due to a neurological disorder was proposed by
the University of Minho [16]. The solution aimed to provide
the required precision, stability and feasibility through the
combination of eleven inertial measurements units (IMUs).
Each unit captured the spatial orientation of the attached body
[16]. The authors also presented a solution for a low-cost
laparoscopy simulator able to monitor and assist the trainees
surgical movements. They developed this alternative approach
by incorparating virtual reality [17]. The prototype consisted
of a set of inexpensive sensors, namely an accelerometer,
a gyroscope, a magnetometer and a flex sensor, attached to
specific laparoscopic instruments.
The research into the systems that are beginning to be
implemented to develop fine and gross motor, cognitive and
communication abilities indicated an evident need for a low
cost system that can be used to assist children with crossing
the midline. The paper is structured as follows: Section II pro-
vides the problem statement. Section III discusses the design
employed to develop hardware and software for the interactive
game. The main findings of the project are documented in
Section IV with a discussion of the value and contribution
of an interactive game to assist children who have difficulty
crossing the midline. The paper is concluded in Section V.
III. DESIGN
Fig. 1 depicts a high level design of the process to be fol-
lowed. A sensor is attached to the child and senses the position
of the child’s hand. It is then processed and transmitted to the
Fig. 1: High level design of sensor communicating with the gaming engine
computer via Bluetooth. The data is then used to move the
character on the screen. The code developed for the ATMEGA
microcontroller consists of two main sections, namely the
PC-ATMEGA interface and the wireless Sensor-ATMEGA
interface. The components and their respective reasons for
being chosen shall be mentioned. Each part of the process
shall be explained. The wiring of the system as well as the
design of the PCB were all assembled from the ground up.
Mobile phone use at the moment is ubiquitous even in poorer
communities in South Africa. Which means the fact that a
laptop is used for testing is not of relevance as Bluetooth will
allow connection to mobile phones, therefore people would
not have to buy an additional platform like they would have
to for the Xbox or Wii platforms [18].
A. Sensor Used to Obtain Position
It should be mentioned that using an MPU-6050 to obtain
position was investigated however, the sensor values received
from the MPU-6050 were not moving in the same axis as
reference to that of the hand. To clarify, the MPU-6050
uses gravity (downwards) as a reference where as the hand
movement’s reference needs to be side to side. Moreover, it
was difficult to find Earth’s North point. This is due to the
fact that gravity was the only reference vector and thus any
rotation of the device around the gravity vector would not
produce a different output in the accelerometer [19]. It was
concluded that there is a possibility of calibrating and filtering
the data however with the time constraints and lack of funds
an improved method of obtaining the movement of the child
was needed. A HMC5883L magnetometer was selected to
replicate the movement of the child into the game by obtaining
the position of the child’s arm. The sprite is the terminology
used to describe an avatar, shape or character that the child
has control over. The magnetometer was used to control
the sprite’s position. The raw data from the magnetometer
is calibrated through the model explained below, and then
transmitted via Bluetooth into the game.
B. Calibration of Magnetometer
When the HMC5883L was implemented, extensive research
was conducted on how to determine the most accurate data.
It was discovered that measurement of magnetic field is
subjected to distortion [20]. It was further identified that
there are two categories of these distortions: the hard iron
distortions and the soft iron distortions. The hard iron errors
refer to the presence of magnetic fields around the sensor
for example; magnets, power supplies and wires. These hard
iron objects are related to measurement offset errors, while
the soft iron errors refer to the presence of ferromagnetic
materials around the sensor, which skew the density of
the earth’s magnetic field locally and are related to scaling
offset errors. In other words, one of the ways to get the
correct magnetometer data is to account for both the soft
and hard errors by obtaining the calibrated magnetometer data.
A magnetometer sensor model was computed to estimate
the error, based on the error, the data was adjusted accordingly.
An explanation into how the soft and hard errors can effect
the magnetometer data will be conveyed. Fig. 2 shows a
circle around the x-axis of the uncalibrated data when the
magnetometer is turned around 360◦. It can be noticed that
the circle is not centred around the x-axis, this is due to the
effect of the hard iron distortions. It can be further noticed
that the so called circle’s circumference in Fig. 2 is not
perfectly smooth and round, this is because of the soft iron
distortions.
In order to eliminate the hard and soft iron distortions the
VectorNav calibration model was adopted [21]. The calibration
model, consisted of 12 hard and soft iron compensation
parameters. The first 9 parameters are responsible to correct
the soft iron distortions while the last three parameters com-
pensate for the hard iron distortions. Concerning the process
of calibrating the magnetometer, a cube was used with each
face containing a specified axis. Once the cube had been set
up and the magnetometer was attached to the cube with axis
on HMC5883L matching the axis on the cube, the calibration
process was then started. A program called MagMaster was
run, the error pertaining to each axis was determined by
positioning the cube according to the attached picture of that
axis. For example, when the error for axis X- at point 0◦ was
computed the cube was positioned with the axis on the face
of the cube matching the axis in Fig. 4. The orientation of the
cube was then changed to match the axis on the face of the
cube to the axis in Fig. 5. A similar process was followed for
Fig. 2: Uncalibrated data around the x-axis
Fig. 3: Calibrated data around the x-axis
Fig. 4: Orientation of the cube X- at point 0◦
Fig. 5: Orientation of the cube X- at point 180◦
all the axes by changing the orientation of the cube. Lastly,
Fig. 3 shows the calibrated data around the x-axis when the
magnetometer is turned around 360◦ with the resultant matrix
incorporated. The improvement and impact the calibrated data
has in terms of the centring of the circle and the smoothness
of the circumference of the circle is clearly observed when
comparing Fig. 3 and Fig. 2.
C. Microcontroller
A decision was reached that the ATmega328P-PU microcon-
troller found in the Arduino UNO was to be used by creating a
circuit that incorporates the ATmega328P-PU. This was done
for convenience as the Arduino comes pre-loaded with a boot-
loader allowing serial programming. However, if the sensor
was to be produced it would also be possible to program the
ATMEGA using the SPI port without a bootloader. It needs to
be explained that the ATmega328P-PU was programmed while
still placed in the Arduino board and then once programmed
it was placed in the integrated circuit designed. The MPU-
6050 which includes both an accelerometer and gyroscope was
also implemented into the design for future work regarding
additional sensing that can be incorporated. The MPU-6050
would also provide specific data for further applications that
can be used to treat other gross and fine motor difficulties. The
device selected to provide the wireless communication was the
Bluetooth module HC-06. The device was chosen specifically
for its low energy characteristics.
D. PCB Design
The schematic of the system was designed using Kicad.
In order for the PCB to be printed the PDF files of both
the top and bottom layer were generated as shown in Fig.
6 on the left of the figure (a) represents the top layer and (b)
represents the bottom layer. Even though the sensor designed
was a prototype, a 3D cover for the sensor was designed for
presentation purposes. The method of powering the sensor was
not the focus and therefore 4 AAA rechargeable batteries were
used.
Fig. 6: PDF of top and and bottom layer to be printed
E. Game Engine
Unity3D was selected to design and create the game due
to the multiple tutorials and its accompanying disscussion
forums which form a supportive environment. Moreover, the
fact that Unity3D allows for the game to be deployed in
numerous platforms serves as an extremely suitable feature
that can be utilized. Initially Phaser with a Node.js back
end was investigated, but the addition of .NET capabilities
that Unity3D offered made the development of the Bluetooth
communication significantly easier. Moreover, the main reason
for choosing Unity3D is the fact that it has an editor to work in
that keeps all the scripts and designs in an organized manner.
F. Game Design
The game that was created is not complex to understand,
however the movements that are encouraged to be conducted
are essential and beneficial to help improving children with
difficulty crossing the midline. The movements a child would
have to practise in a boring manner by moving objects from
side to side on a table, was transferred to a more exciting
platform. The flow and the basic rules behind the game that
was designed is shown in Fig. 7 below, where
• x is the amount of faces to be collected, and
• y is the specific colour of the face to collect.
Start
Move
sprite
Collect x
of y faces
Proceed
new x of
y faces
Game
Complete
Fig. 7: The basic flow of the intended game design
The game was setup as illustrated in Fig. 8. The sprite is
displayed as the yellow smiley face in the center. Faces with
different colours shall appear to be falling from the sky. The
child will have to move the sensor from side to side and collide
with the correct colour that is required to be collected, in this
case “collect 3 orange faces”. If the correct colour is touched
by the sprite a point will be added to the score and if the
incorrect colour is touched by the sprite then a point will
be taken away from the score. At the moment the game was
designed to have one level just incorporating colours, however
multiple levels can be added incorporating numbers and even
maths sums. For example in the center instead of a random
colour being needed to be collected such as “collect 3 orange
faces”, a simple equation like “5+5=” can be displayed and
instead of the colours being spawned and falling from the sky,
different numbers including the correct value being “10” can
be spawned. The child would then have to collide with the
number “10” to gain the point.
Fig. 8: The basic setup of game that was designed in Unity3D
At the beginning of the game the child with the help of
a guardian will have to choose their dominant hand. Based
on the hand they choose they will have to hold the sensor in
a specific manner. If they are right handed they will hold the
sensor as shown in Fig. 9 and if they are left handed as in Fig.
10. It should be highlighted here that videos are played in the
game demonstrating the manner in which the sensor should
be held to ensure that the process is simple for the child and
guardian to understand. This already ensures that the child in
fact crosses the midline at the start of the game.
G. Method of Obtaining Position Using Magnetometer
The process and method of how the magnetometer achieves
the position shall be shown and explained. A calibration
process is required once at the beginning of each game to
record the starting position of the sensor in terms of the x,y
and z points of the magnetometer, and save these coordinates
Fig. 9: Right handed stance (When facing screen)
Fig. 10: Left handed stance (When facing screen)
as the reference. An initial calibration is sufficient enough
because the movement translates linearly to the game. Let
the public variable Update Mag represent the position of the
magnetometer at any given moment. During the calibration of
the reference position four Update Mag vectors are averaged
to obtain the starting position. This coordinate is then set as
the public variable Reference Mag. When the sensor is then
moved the vector Update Mag will continuously be updated
to the new position while the Reference Mag will remain the
same. In order to then determine how much the sensor moved
the Reference Mag vector will be subtracted from the Update
Mag. The result of the subtraction is then set as the Resultant
Mag. Fig. 11 is used to comprehend the x-axis respective to
the game.
Fig. 11: x-axis imposed on game to graphically show points
Once the Resultant Mag vector is acquired the following
mathematical conversion takes place to determine the position
of the sprite in the game. The length of the x-axis is 15 units
(-7.5 to 7.5), and assuming the child is right handed the sprites
original position is -7.5. Let the coordinates of the Resultant
Mag vector be (x,y,z) and therefore when the magnitude of
the Resultant Mag is used then:
Position of Sprite =
√
x2 + y2 + z2 × 15
360
− 7.5 (1)
For example, if the values of the sensor when the right hand
stance is used: Once the Resultant Mag is obtained where the
x,y and z values are -0.520, -0.255 and 0.980 respectively the
position of the sprite can be obtained.
Position of Sprite =
√
(−0.520)2 + (−0.255)2 + (0.980)2 × 15
360
− 7.5 = −7.45 (2)
IV. MAIN FINDINGS
Through the undertaking of this project, several discoveries
were made after demonstrating the game to occupational
therapists and interviewing them. The main findings shall
be highlighted and briefly discussed here. It was posited
in the introduction to this project that virtual reality offers
the ability to ‘remove’ a child from physical distractions
by offering them a ‘virtual space’ within which to work.
Despite the game not being directly tested on children due to
ethical constraints, the feedback that the several occupational
therapists provided advocate the use of this game for children
struggling with crossing the midline. It was aforementioned
that the interactive game would create a less boring and more
stimulating treatment process allowing the child to have more
fun than the conventional methods of treatment for crossing
the midline. Therefore, with the development of an interactive
game (achieved through virtual reality), the child should be
able to develop the required pathways to conduct movements
that once did not seem comfortable or possible.
Regarding the device used to determine the position of the
child’s arm, it will be concluded as follows that once the
HMC5883L magnetometer was calibrated to compensate for
both hard and soft iron distortions, the magnetometer yielded
successful results in the ability to simulate and control the
movement of the arm from side to side. Fig. 12 shows how
the degrees moved with the sensor is transformed into the
axis of the game shown in Fig. 11.
Fig. 12: Position with respect to the game as sensor is moved
What is unique about this project is the successful design
of a device that can accurately simulate and control the
movement of the child in the process of treating their gross
and fine motor difficulties. In addition, one of the invaluable
aspects this project triggers is the cost factor. Even though
there are other products available to simulate and control
the movement, there is not a product that can exhibit these
requirements when compared to the low cost needed to
produce the design of the device and concept created in this
project. With that being said children can be treated using
an interactive game that requires a device that is much more
affordable relative to other devices which offer the same type
of benefits. The interactive game with the accompanying
device can find its way to communities that are less fortunate.
Additionally, children in the rural areas of South Africa have
to travel far distances to occupational therapists in the city
(providing they can afford it) in order to be treated. With
the concept developed in this project the families could save
money as the child would not need to go to an occupational
therapist every week but can be treated in their own homes
with their guardian by using the game.
In the interviews the occupational therapists concluded
through the integration of technology, innovation and creativity
that the method of using an interactive game to treat children
would serve as a beneficial method of mitigating the problem
of crossing the midline. As the movements conducted by the
child through playing the game will develop the required
pathways in their brains. It was further discovered that the
manner in which the faces fall from the sky is extremely
important. Prior to consultations with occupational therapists
the faces were just spawned randomly, however it was es-
tablished that the placement of the faces when strategically
placed, yield better results. Fig. 13 illustrates that the way the
faces are placed force the child to cross the midline, starting
with controlled small distances between the collisions allowing
the child to be comfortable and then increasing the distance
between the collisions.
Fig. 13: Strategically placed faces to ensure midline is crossed
Lastly, in rural areas often children are not even afforded
the opportunity for treatment or are even aware of the
difficulties they are inflicted with. Therefore, the game and
many more similar games can be placed at central locations
such as cre´ches that the children can be exposed to and be
given an equal opportunity to improve their skills. In the rural
areas very often childrens’ difficulties and limitations are not
recognized due to the lack of proper expertise, this concept
produced in this project provides the opportunity for children
to explore the game regardless whether their difficulties have
been revealed. To clarify, if the interactive game and the
device was placed in a cre´che and all the children had a
chance to play the game, the children with difficulty crossing
the midline would incidentally be treated and those that do
not have the difficulty would just have fun playing the game.
The most fundamental outcome from this project is the
platform that this project has initiated. When visiting the Con
Amore school for learners with severe intellectual disabilities
and specific learning requirements in Kempton Park Johan-
nesburg, discussions involving the prospect of implementing
the same concept of treating fine and gross motor difficulties
through an interactive game (achieved through virtual reality)
was investigated. The possibility of affordable innovative
methods of treatment was received favourably. The game
design, accompanying scripts and hardware produced, provide
a sustainable platform to easily change the art work or game
play to suit the requirements of the occupational therapist.
V. CONCLUSION
The primary objective of this project was to design, pro-
gram and develop an interactive game that is able to as-
sist occupational therapists when treating a child that has
difficulty crossing the midline. The requirements were all
achieved through implementation and successful testing of
the product. Fig. 14 depicts the wireless sensor’s circuit that
was designed on the PCB, the 3D printed cover that was
designed and the completed game. The method of powering
the device, enclosure of the sensor and the graphics of the
game can be improved in future work. The following link
https://youtu.be/eGvZbvbGoPY shows a video of the sensor
working wirelessly to control the sprite in the game.
Fig. 14: Sensor, cover and completed game
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